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This paper expands the Galor-Weil Model (Galor and Weil 2000) and employs it as 
the analytical framework to examine the effects of China's One Child Policy. The 
theoretical analysis shows that parents invest in the education of their children as a result 
of the One Child Policy intervention. This increases the education level and speeds up 
both the technological progress and economic growth in the short run. However, it 
hampers the natural economic evolution leading to the lower steady states of education 
level, technology growth and economic growth in the long run. Following the simulation 
procedures of Lagerlof (2006), the model is calibrated using China's data to verify the 
theoretical findings. With the consideration of both exogenous population control and 
technological shocks, the modified Galor-Weil Model suggests that China's miracle is 
attributed to its ability to catch up with technological advancements rather than the One 
Child Policy. This is consistent with the results presented in different growth accounting 
studies. This paper proposes that without further technological shocks, China cannot 
sustain its rapid economic development; moreover, its growth rate is expected to drop to 
around 2.7%. In order to sustain the long-run economic development of China, policies on 
population control should cease to be implemented as soon as possible. 
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Chapter 1: Introduction 
For a long time now, debates over the relationship between population and economic 
growth have persisted since the publication of Malthus' "An Essay on the Principle of 
Population" in 1798. Many scholars have attempted to provide a growth model that 
captures the historical evolution of population and economic growth. Although they are 
successful in explaining part of the history, none have presented a unified growth model 
that can explain the transitions until Galor and Weil (2000). This paper aims at expanding 
the Galor-Weil Model and uses it as the analytical framework, by which to examine the 
effects of an exogenous population control policy on the economic development. 
From a macro economic viewpoint, the historical evolution of population and output 
can be separated into three regimes. The two most important differences between these 
regimes are the behavior of per-capita income and the relationship between the growth 
rate of per-capita income and population. 
INSERT FIGURE 1 
Figure 1 shows the growth rates of population and per-capita income in Western 
Europe from AD 600 to the 1900s. Before the 1700s, the income per capita was roughly 
constant and the population growth was small. At this stage, the relationship between 
growth rate of output and population was positive. This is known as the Malthusian 
Regime, named after Thomas R. Malthus who first explained it in 1798. According to 
Malthus, income per capita has a positive effect on population growth rate. When 
population size is small, the income per capita is high because everyone enjoys more 
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resources, thus population grows naturally. When population size is large, the income per 
capita is low due to a diluting effect. The population size fluctuates and reaches 
self-equilibrium in the absence of changes in technology or resources. 
The Malthusian model helps explain a long period of human history. However, from 
1700 to 1900, the economy took off to the Post-Malthusian Regime, during which output 
growth allowed income per capita to continue rising instead of solely reflecting on 
population growth. Although the Malthusian relationship between income per capita and 
population growth was still in place, the diluting effect of high population on income per 
capita was counteracted by technological progress, which allowed moderate growth of 
both income per capita and population in this regime. 
However, the story does not end at the Post-Malthusian Regime. The demographic 
transition (i.e., the substitution of children quality for quantity), which followed the 
industrial revolution, differentiates the Post-Malthusian and Modem Growth Regimes 
(after the 1900s). This regime is characterized by the decline in population growth while 
income per capita grew strongly. The negative relationship between output and population 
growth differed from the previous regimes. In fact, this transition process challenged the 
neoclassical growth models. The negative relation between population and economic 
growth during the Modem Growth Regime is particularly puzzling. Some scholars 
explained the negative relation through the mechanism of higher returns to child quality in 
developed economies, which induced a substitution of quality for quantity (Barro and 
Becker 1989, Becker et al. 1990); and the higher relative wages of women in developed 
economies, which increased the opportunity cost of raising children (Galor and Weil 
1996). 
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Most studies have focused only on one or two of the regimes. For instance, the 
feedback loop between technology and population, which considers the transition from 
Malthusian to Post-Malthusian Regime as suggested by Kremer (1993), could not provide 
a complete picture of the transition mechanism. 
In view of this, the Galor-Weil Model is a unified growth model encompassing the 
endogenous transition between the three regimes. It provides a comprehensive theoretical 
framework in explaining the transition mechanism. The endogenous growth mechanism 
depends on the interaction between population, education, and technology. Firstly, a larger 
population size speeds up the rate of technological progress because of the rapid diffusion 
of new ideas and higher chances of technology breakthrough. This links to the take off 
from the Malthusian to the Post-Malthusian Regime. Secondly, the choice of parents 
regarding the education level of their children affects the speed of technological progress. 
Children are more likely to adopt advanced technologies with higher education, thus 
speeding up the rate of technological progress. Finally, technological progress raises the 
rate of return to human capital, which in turn, induces the substitution of quality for 
quantity. 1 This links to the demographic transition, which leads to the take-off from the 
Post-Malthusian to the Modem Growth Regime. 
A unified growth model is essential in analyzing the effects of population control on 
economic development, because the relation between population and economic growth 
behaves differently in different regimes. This justifies the use of the Galor-Weil Model as 
I Schultz (1964) explains this in the following scenario. Imagine you are a farmer and the progress of 
technology is very slow. Your child can learn farming by observing you, thus schooling has little economic 
value. You will decide to have more children to increase your labor force. However, when technology 
improves rapidly, when others start using machines or even genetic engineering for farming, education will 
be extremely important for your child. This raises the return to education, thus inducing the substitution of 
quality for quantity. 
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the analytical framework in the current study. Moreover, as the effect involves 
complicated endogenous interactions among the parameters, the Galor-Weil Model serves 
as an excellent tool in examining the dynamics after population control. 
Apart from the theoretical perspective, there are many empirical studies on the 
relationship between population and economic growth. Most of them are based on static 
cross-section analyses and findings of negative relationship between two variables. Such 
works include those of Hazledine and Moreland (1977), McNicoll (1984)，Coale (1986), 
Barlow (1994), Brander and Dowrick (1994), and Kelley and Schmidt (1994, 1995). 
Majority of empirical works, however, do not provide a causal effect of population 
changes on economic growth (Simon, 1989). A review on the debate provided by Kelley 
(1988) asserts that there is no definite conclusion from the body of empirical tests. Temple 
(1999) also supports this review. Until recent study, Li and Zhang (2007) present 
empirical evidence for the statistically significant negative causal effect of population on 
economic growth by utilizing the nature experiment of China's One Child Policy. 
However, there is a lack of solid theoretical framework in explaining the dynamics, and 
the study only presents the short-run effects due to limited data. 
Compared to previous theoretical and empirical studies, this paper aims at using the 
Galor-Weil Model as an analysis tool to investigate the effects of population control on 
economic development from both theoretical and simulation perspectives. The unified 
endogenous growth model allows a comprehensive theoretical analysis of the effect of 
population control on the dynamic system. After calibrating the model using China's data, 
the simulation results are compared with the theoretical predictions and the historical 
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evolution of China's economic development, especially after 1979^. Both the theoretical 
analysis and the simulation results are used as bases in the formulation of effective 
policies. 
The rest of the paper is organized as follows. Chapter 2 discusses the basic structure 
of the Galor-Weil Model (Galor and Weil 2000). Chapter 3 provides the specific 
parameters and simulation result for Western Europe by Nils-Petter Lagerlof (2006). 
These chapters explain the Galor-Weil Model in detail and show that the simulated time 
paths do match Western Europe's experience. Chapter 4 presents the theoretical analysis 
of the effect of exogenous population control policy on the dynamic system. Chapter 5 
shows the simulation results using China's data while considering both population control 
and exogenous technological shock. Chapter 6 concludes. 
2 China started its One Child Policy in 1979 with the aim of raising the resources per capita and facilitating 
China's economic reform. Each family is allowed only one child, and penalties are imposed on second or 
higher-parity births. The Policy successfully brought down the average annual population growth rate from 
1.87% from 1960 to 1979 to 1.28% from 1980 to 1999. In fact, before the formal announcement of the One 
Child Policy, Premier Zhou Enlai initiated a nationwide campaign by calling on cadres at all administrative 
levels to promote population controls in the 1970s. Later marriage, longer intervals between births, and 
fewer children were advocated. Education, propaganda and persuasion were the officially stated means of 
policy implementation and it resulted in the decline in population growth rate in the early 1970s. Policies 
that arc more restrictive were put forward and in 1979, China government officially announced the One 
Child Policy. For rcfcrcnce, Dennis and Dandan (2004) provided a detailed review of related policies. 
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Chapter 2: The Galor-Weil Model 
This chapter explains how the interaction among population, education, and 
technology are incorporated into an overlapping generations model in a simplified 
version.3 
2.1 Basic Structure of the Model 
We consider a two period overlapping generations model, in which children earn no 
income and consume nothing, but receive education from their parents and adults earn 
income, consume, and decide how many children to rear as well as the investment in their 
children's education. 
The economy produces a single homogenous output using two inputs. The output 
produced at time t is denoted as Y, = H^iA^X)''", (1) 
where H�is the efficiency units of labor employed in production at time t, A^ is the 
endogenously determined technological level at time t, X is total land which is 
exogenous and constant, the product A^X refers to effective resources at time t, and 
a G (0,1) is the labor share in goods production. 
Income per worker at time t is denoted as z,: z, = h"(x, , (2) 
where h^ is human capital of a period t adult, Z^ , is the total adult population, and 
3 This simplified model is based on Lagerlof (2006). The same symbols arc adopted in order to avoid 
confusion. Please refer to Galor and Weil (2000) for the complete proof and modeling. 
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= ^ ^ refers to the effective resources per worker at time t. 
_ ^ Technology progresses from periods t to t + 1 at rate: = —^ = (3) 4 
where e^ is the education invested in children in period t-1 who become adult in t. 
For Lt » 0 and > 0, 
g ( 0，Z ^ , ) � 0 , and > < 0 . 
These conditions incorporate the first and second idea stating that both a larger population 
size (scale factor) and a higher education level speed up the rate of technological progress. 
It is assumed that the scale factor has an upper bound, i.e., lim^^^ is finite. 
Human capital at time r + 7 is denoted as : = / K 己 ( 4 ) 
‘�/+1， 
he (日⑷ ,容 ) > 0, hee ， ) < 0 , h ^ , ) < 0, h^^ (e,^,  ) > 0, 
and 明 O , + i , g , + i ) � 0 . 
The last condition incorporates the third idea that technological progress raises the rate of 
return to human capital. 
2.2 Preferences and Budget Constraints 
Adults allocate the time between child-rearing and labor force participation based on 
the preferences represented by the utility function = (1 - y) In c, + )， (5) 
where y e (0,1), c, is consumption, and n^  is the number of children. The product 
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in the second term of the utility function is considered as the intergenerational 
altruism or implicit concern about potential support from children. 
The individual faces the subsistence consumption constraint c ^ > c , where c > 0 
and budget constraint c, + z^ n^  (r + ) = ， (6) 
where T is a fixed time cost, which is required to raise a child. Each unit of education 
costs one unit of time. 
2.3 Optimization 
The optimization problem works as follows: Members of generation t choose the 
number and quality of their children in order to maximize their utility in (5), which is 
subjected to the subsistence consumption constraint and budget constraint in (6) as well as 
a non-negativity constraint on education. 
Solving the first order condition for n^  implies: 
• It > ：• 
"“「一 i - ^ i f Ct £ ( c . c ) 
U if c, < d 
、 — ， (7) 
〜 ？ 〜 where z = . When z, > z , time spent with children is constant at y. As long as 
z, G (c, z ) , the subsistence consumption constraint is binding, and total time spent with 
children increases in z,. For z, < c , population dies out. 
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The optimization with respect to is independent of subsistence consumption 
constraint and gives'^: 
, ) = (T + (e 杆 1 ， ) - , ) 
= 0 if > 0 
< 0 if (8) 
If we assume G(0,0) = Th^(0,0) - ^(0,0) < 0, (Al) 
it can be proven that: 
> 0 计 i/t—! > y 
fU/f- i ) < 
where g � 0 . (9) 
It can be shown that is an implicit function of and increasing in : 
化 丄 容 " � ) � 0 V g , + i � g . ( 1 0 ) 
Given that e "(g,.!) depends on the third derivative of the human capital function, we 
shall further assume that it is a concave function, shown below, which appears to be 
A economically plausible: < 0 Vg^ j^ > g . (A2) 
With the above analysis, the following graphs show the different configurations as 
well as characterize the dynamical subsystem of and g(e�,L�) in Galor and 
Weil (2000), based on their properties given in (3), (9)，(10), and (A2). The curve 
4 In Equation (8), 0 if e�=0, but it is stated incorrectly stated in Lagcrlof (2006) with an 
opposite sign. 
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shifts upward to account for the effect of an increase in population and the 
economy shifts endogenously from one configuration to another as population size 
increases. Unless population size reaches a high level or large exogenous shocks are 
present, technology growth and education will remain in the low steady-state equilibrium, 
where e = 0 and g — — 
INSERT FIGURE 2 
INSERT FIGURE 3 
INSERT FIGURE 4 
Similar analyses on the dynamic evolution of effective resources per worker, x, and 
education, e^  are provided in the following figures, which show the evolution of the 
economy from the Malthusian, through the Post-Malthusian, and finally to the Modem 
Growth Regime .5 
INSERT FIGURE 5 
INSERT FIGURE 6 
INSERT FIGURE 7 
Galor and Weil (2000) provide discussions on global dynamics of the system as well 
as the different conditional steady-state equilibria. Given that the analysis is restricted to 
two dimensional phase diagrams, we follow Lagerlof (2006) and focus on simulating the 
model from a quantitative perspective. This allowed us to compare the time paths of each 
variable and the historical evolution of the economy. 
5 Please refer to Galor and Weil (2000) for the detailed analysis. 
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Chapter 3: Parameterization and Simulation Results by Lagerlof 
3.1 Parameterization and Full Dynamical System 
In order to simulate the model, parametric functional forms for and 
= are required. Lagerlof proposed that: 
， (11) 
where p g (0,1) is exogenous and can be interpreted as a part of the fixed time cost, t , 
that helps build human capital and e^ ^^  + pT can be interpreted as effective education. 
We can then derive optimal e � from its first order condition in (8): 
己杆 1 = max {0, V - p ) - p r } . (12) 
It is noted that (11) and (12) satisfy the conditions (4) and (8)—(10), except for the 
assumption/Zeg(e,+i，g,+i) > 0. However, this is a sufficient but not necessary assumption to 
generate the result in (10) and it can be shown that (12) satisfies (10) and that 
Next, it is assumed that technological progress takes the form 
= (13) 
where = (6>, f l*�0) . (14) 
It can be shown that � 0 when = 0 . For the function a(L,) in (14)，it is 
assumed that population affects technological progress linearly for < a 16 and stays 
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flat, which means a ( 4 ) is bounded from above. 
Combining (12) and (13), can be rewritten as a function of e, and 4 given by: 
= + pT)am)T(l-p) - p r } 三 . (15) 
Increasing 4 , will switch from zero to positive at some point, thus reducing the 
population g r o w t h a c c o r d i n g to (7). This also accelerates the technological progress 
and results in a faster output growth. This represents the transition from the 
Post-Malthusian to the Modem Growth Regime. The switching occurs when a(LJ 
exceeds p /(I - /?) i.e., when population exceeds L =——-——. (16) 
(9(1-/7) 
After identifying the essential parametric forms, the full dynamical system can be 
presented based on the four state variables, namely, and L^. 
First, per worker income, z,, is rewritten using human capital production function in 
(11): 广 [ 字 产 EZ(為，g 丄). (17) 
Then, with (17), the optimal condition for n, is rewritten using the education 
function in (15): 
6 Wc assumed that /7 /(I - / ? ) * so that the switch occurs before a(I^) readies its maximum. 
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/ \ 
r—‘工“ ^^ ^iA.yt.et.Lt) > ： 
0 z{At-(it. ef. Lf] < c , 1 � � ‘ j t " — ) . (18) 
As a result, the full dynamics of the model can be characterized by a non-linear 
four-dimensional system of difference equations given by the following: 
4+1 =[1 +射。A)]4, 
= 抓 A)， 
A+i=77(4，g,，、Z,)A. (19) 
3.2 Parameter Values and Simulation Results 
Table shows the chosen parameter values based on the related literature. The 
values of p , a *, g *, g�，and J � a r e corrected because mistakes were found in 
Lagerlof's calibration. 
INSERT TABLE 1 
7 Details of the calibrations are found in Lagerlof (2006). 
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Each period was set to 20 years, corresponding to the length of one generation (cf. e.g., 
Boldrin and Jones 2002). 
The labor share of output, a , was set to 0.6 (c.f. Hansen and Prescott 2002, Table 3). 
The fixed time cost, t，was set to 0.15，which meant that each child carried a fixed 
cost about 15% of the parent's income (cf. Haveman and Wolfe 1995, the estimated total 
expenditures on children in the US in 1992 corresponded to 14.5% of GDP). 
The growth rate of per worker income in the Modem Growth Regime, z^，was set to 
2.4% per annum (cf. Hansen and Prescott 2002, Table 1). With constant population size, 
education and technological progress, this implies g* to be about 2.273 based on (17). 
The fertility rate in the Modem Growth Regime,« *, was set to one which means 
population converges to a constant level under modem growth. 
The education time in the Modem Growth Regime, e *, was interpreted as spending 
on education as a fraction of GDP, which was about 7.5% in the USA (c.f. de la Croix and 
Doepke 2004). 
These give the basic parameter values. Other values were derived based on the 
parametric forms as specified. The values of <3 * and p were respectively derived from 
(12) and (13) given by: g* 二 - / 7 ) & e* = a —厂）一厂^" • (20) 
From (7): n * (7： + e*) = y ’ y was set to 0.225, so that population would be constant 
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in the Modem Growth Regime. 
The remaining parameters , X, c and m) were all normalized to one; they became 
neutral after calibrating the initial conditions. 
The initial population level, Lq，was set to a fraction of L . The smaller Z^ o, the longer 
it takes to reach the Modem Growth Regime, while the shapes of the growth paths are 
unaffected. L�was set to 0.05 L ； thus, it was sufficient to obtain about 30 generations 
(600 years) of Malthusian stagnation. 
The initial income, z�，was set to fall between c and z . This is because it is not 
reasonable to have such a high initial income that gives z^  > z in the starting period. It 
is also not desirable to have z^  < c because the population will become extinct. The 
initial fertility was given by n^ = ( l / r ) [ l - c /Zq] in (18). Setting n � t o be one resulted 
in Zo=1.176. 
The initial education level, e^, was set to zero. 
The initial technological change，g。，was set to prOL^ from (13) and (14). This 
resulted in g。： 0.0478. 
The initial technology level, A^, can be derived from (17) given , z^, g^ and L^. 
This resulted in 乂�= 0.8695. 
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With the several calibration mistakes found in Lagerlof (2006), simulations were 
carried out based on the amended values. 
Figure 8 shows the annual growth rates and education levels. The growth rates of both 
technology and population rise through the Malthusian and Post-Malthusian Regimes. 
Afterwards, education takes off from zero when population size reaches the threshold 
level. This is followed by the decline in population growth as well as the sharp increase in 
both technological progress and per adult income. Finally, the paths reach the steady 
levels as calibrated. The time paths are consistent with the historical evolution of 
economic development as characterized by the three regimes. These time paths also match 
the historical data shown in Figure 1. 
INSERT FIGURE 8 
Compared with the simulation by Lagerlof (2006), the time paths pattern has no 
significant differences. Figure 9 shows the simulation results in Lagerlof (2006). 
INSERT FIGURE 9 
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Chapter 4: Theoretical Analysis of the Effects of Exogenous Population Control 
Policy on the Dynamic System 
The above discussions explain the Galor-Weil Model in detail and show the excellent 
match between the simulated time paths and the historical evolution of economic 
development in Western Europe. In this chapter, we expand the Galor-Weil Model by 
analyzing the dynamic once the population control is imposed.^ 
Consider an exogenous population control policy, which sets the ceiling of the number 
of children every family can have to be one (e.g., China's One Child Policy). Given that 
the population control policy is typically imposed when there is a high birth rate, it is 
assumed that this constraint is bounding, i.e., n^  = 1 after the policy is implemented. The 
optimization problem as discussed in (5) and (6) becomes: 
Max ={\-Y)\nc^ subject to z^[\-(t + c . (21) 
Different from the optimization problem as discussed in Section II，the optimization 
with respect to is now dependent of subsistence consumption constraint and gives: 
For , 气 d,�i=她x{0,l-(l-y'+i_r}. 
( 1 - / ) � , + ! YK 
Otherwise, e…二Max{0,1- — - t } . (22) 
Limited by the population control policy, parents invest on the education of their child 
according to (22). Unlike the case in (9), education can now switch to positive even if the 
8 The theoretical analysis does not require any specific parametric forms. 
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technological progress has not yet reached a certain threshold. In addition, for the 
"Otherwise" scenario, which corresponds to the binding case of the subsistence 
consumption constraint, education increases with the income per worker until it reaches a 
certain threshold. The threshold depends on the human capital function, the subsistence 
consumption, and the weight on the intergenerational altruism utility, y - For a larger 
weight, parents put more emphasis on their child; thus, they tend to invest on education 
upon a larger threshold. 
In fact, the subsistence consumption constraint is binding when the economy is in the 
Malthusian Regime. With the aim of inducing the speedy economic transition to the 
Modem Growth Regime, a more realistic analysis must consider population control 
during the preceding phase, i.e., the Post-Malthusian Regime. Thus, the subsistence 
consumption constraint becomes binding and the focus will be on the analytics of the 
education investment where the income per worker is above the income threshold. 
Education is an increasing function of technological progress, , which is similar 
to the analysis in the Galor-Weil Model from (8)-(10). 
yh For z > f c，the optimization with respect to gives: 
Gie^.x,) = YKi^t.i，XI-(r + e�))-(!-，容). 
= 0 if > 0 
< 0 if e � = 0 (23) 
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If we assume that G(0,0) = yh^  (0，0)(1 - r ) - ( l -Y)h{fd , 0) < 0 9, (A3) 
it can be proven that: 
/ 
> U if gt—i > 5 
^ (y^-i) < 
^ ^ , where g � 0 . (24) 
It can be shown that is an implicit function of and increasing in g^^ :^ 
化 = -二〜('"i，。、)〉0 (25) 
Given that e ) depends on the third derivative of the human capital function, we 
shall further assume that it is a concave function, which appears economically plausible: 
？ ( A 4 ) 
These show that when the income level is above the threshold, the properties of the 
curve are the same as that of the curve without population control in Chapter II. 
Investigating further, we can identify two quantitative differences between the two curves 
and the dynamical subsystem of and can be studied. 
First, it can be proven that when we plot the education function with gt as the y-axis, e! 
as the x-axis, the education function in the Galor-Weil Model as derived from (8) lies 
above the education function after population control is imposed as derived by (23), given 
厂〉T + 10. In general, 
9 This assumption is valid based on the parametric functional forms discussed above. 
10 is the education level at which population control is imposed. 
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V(己， > g ) , ^ C ) > C / ) , 
r = � 1 ^ C ) = C / ) , 
厂 T + e计1 o � r fe+i) < fe+i). (26) 
Second, the technological threshold in which educational level switches to positive, 
i.e., the y-intercept of the education function, g , can be proven that given / > t , 
g ' ^ ^ � T h i s also matches the result in (26) if we consider the continuity of the curve 
and in general: 
厂〉ro 严〉 i - i， 
厂 r o 广 (27) 
Based on the above analyses, after implementing population control, the dynamical 
subsystems of and behave very differently compared with those 
presented in Chapter II. 
In Chapter II, for a moderate population size, the subsystem is described by the solid 
curves. 11 There is only one stable steady-state equilibrium (0，g) in the absence of 
exogenous shocks. As the population grows, the curve shifts upward and the 
subsystem attains a steady state (e", g"). Figure 10 provides a summary of the evolution 
from a moderate population to a large population. 
1 � G i v e n that a small population corresponds to the Malthusian Regime and a large population corresponds 
to the Modem Growth Regime, we started with a moderate population size. 
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INSERT FIGURE 10 
This describes the dynamic of the two curves in the Galor-Weil Model. However, after 
imposing population control, there will be no evolution of the population; thus, the curve 
will no longer shift. Instead, there will be three scenarios that describe the 
changes of the curve after implementing population control. Figure 11 presents 
the dynamics of the subsystem after implementing population control to a moderate 
population for y>t + > r . 
INSERT FIGURE 11 
Figure 11 shows that there is a downward shift of the whole curve after 
implementing population control; this brings the steady state from (0，g) to ( e � g ^ ) even 
without population growth. 
Figure 12 presents the dynamic of the subsystem after implementing population 
control to a moderate population for r + > t > y. 
INSERT FIGURE 12 
Figure 12 shows that there is an upward shift of the whole curve after 
implementing population control. This makes the take-off of education more difficult and, 
as a result, the subsystem remains at the steady state (0’ g). 
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Figure 13 gives the dynamics of the subsystem after implementing population control 
to a moderate population for r + > t = y. 
INSERT FIGURE 13 
Figure 13 shows the change in slope of the curve after implementing 
population control. As in Figure 12, the subsystem remains at the steady state (0，g). 
Before comparing the three scenarios, we need to recall the meaning of y and r . As 
defined in the utility function in (5), y is the weight on the intergenerational altruism 
utility and it represents the maximum unit of time that parents is willing to spend on 
raising the child. For T，it is the fraction of parent's unit time, which is required to raise a 
child (a fixed cost to rear a child). Therefore, if r is even larger than y，parents will not 
spend extra time investing in the education of their child or even will not rear their 
children. Following the same logic, as et+i represents the unit of time that parents are 
willing to invest on the education on their children, et+j will reach a positive steady-state 
if and only if / > t + . This implies that the first case is the only reasonable scenario. 
In the Modem Growth Regime, we assume that different parameters attain steady state. 
It is reasonable to assume every member has a sufficiently high income and gives birth to 
one child only so that the population size remains constant. According to (7), this means 
setting n*=l and results in y = T + e*. This again shows that the first scenario (where 
Y>T + > r ) is more plausible. 
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In Figure 11，the whole curve shifts downward after implementing 
population control. This makes a positive education level possible even when the 
economy still has a moderate population size. The implication is that once population 
control is imposed, parents face constraint on the number of children they can have and 
will change their education decision to (22). As they greatly value intergenerational 
altruism utility, they allocate part of their income to the education of their children even if 
the technological progress is slow. 
Comparing Figure 10 with 11, the steady state of the technology growth in Figure 11 
is lower. For the steady state of education level, as r + is bounded by y in the 
condition, that in Figure 11 will be smaller than or equal to = e* that in Figure 10. 
To summarize, exogenous population control suppresses population growth and 
encourages parents to invest more on their children. In the short run, every member can 
share more resources and improve the income per worker. The investment on education 
further increases the income per worker. However, in the long run, population control 
hampers the economy from undergoing natural evolution, resulting in lower steady states 
of both technology growth and educational level. According to (17)，the steady-state 
economic growth rate depends on the steady-state technology growth. Thus, the economy 
experiences a lower growth rate compared to the natural evolution. This shows the 
trade-off between the short-run benefit and the long-run drawback of the population 
control policy. 
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Chapter 5: Simulation Results using China's Data 
After investigating the impact of population control on economic development from 
the theoretical perspective, we now focus on the simulation^^, which uses China's data as 
the calibration and see if the simulation results match the theoretical prediction as well as 
China's experience. 
There are several basic parameter values to be identified, and other values can be 
calculated based on the parametric forms specified herein. 
The labor share of output, a，was set to be 0.443 (average value from 2000 to 2007) 
as calculated by the compensation of employees as a fraction of GDP.^ ^ 
The fixed time cost, t , was set to 0.15, indicating that each child carried a fixed cost 
of about 15% of the parental income. It was set to be the same as that in USA since there 
was no data for r in China. The sensitivity test is provided in the Appendix B; different 
values of T do not change the time paths, except that there are larger fluctuations for a 
smaller r . 
The growth rate of per worker income in the Modem Growth Regime, z,，was set to 
9.2% per annum (based on average growth rate of GDP per workforce from 2000 to 
2008). 
12 The parametric forms satisfy the assumption and theoretical analyses in Chapter IV. 
13 This is based on the Income Approach Components of the Gross Regional Product Table from the 
National Bureau of Statistics of China. Another reference for a detailed analysis of the factor incomc 
distribution in China is used，Bai and Qian (2009). 
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The fertility rate in the Modem Growth Regime, n *, was set to one, indicating that 
the population converges to a constant level under modem growth. 
Education time in the Modem Growth Regime, e *, was interpreted as government 
spending on education in the Modem Growth Regime as a fraction of GDP (about 2.52% 
in China, average value from 2000 to 2008). 
INSERT TABLE 2 
Based on the calibration, Figure 14 shows the simulation results of the annual growth 
rates and education levels. The growth rates of both technology and population rise 
through the Malthusian Regime. However, population growth reaches a maximum level 
and stays in that level for a long period of time before education takes off from zero. This 
means that the natural demographic transition cannot take place until a huge population is 
accumulated to support the technological progress. This is followed by the decline in 
population growth as well as an increase in both technological progress and per adult 
income. Finally, the paths reach the steady levels as calibrated. 
INSERT FIGURE 14 
Taking out the time paths of technology growth and education level from Figure 14, a 
sharp comparison between the simulation results (Fig 15) and China's historical 
population and economic development evolution can be made (Fig 16). 
INSERT FIGURE 15 
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INSERT FIGURE 10 
First, when we compare the growth rate of GDP per capita, we can identify a steeper 
growth in China from 1960 to 2008; for the simulation result, it grew gradually without a 
sharp contrast between the Post-Malthusian and Modem Growth Regime. Second, the 
population growth rate behaved differently. There was a gradual increase in the 
population of China from 1920 to 1979，and this was followed by a sharp decrease in 
population from 1980 to 2008. However, for the simulation result, there is a very long 
period of population accumulation before the demographic transition. The mismatches 
between time paths, however, do not necessary mean that the Galor-Weil Model failed in 
modeling the historical evolution of China's economic development. The Galor-Weil 
Model is an endogenous growth model and there has been a strong exogenous 
intervention from the government on population (i.e., implementation of the One Child 
Policy since 1979). Thus, the effect of an exogenous population control policy should be 
taken into account. 
5.1 Simulation Results with Exogenous Population Control 
With an exogenous population control policy, we need to rewrite the dynamic system in 
(15) and (18) by setting: 
lpr{r-1)-+ pr)am) + + pT)a{L^)f + 4(6, + pT)am)y[\-t +pT-prr-y+r^),小,,, 
=max{0， 2(1-r) } = 
and 义=1. 
From Figure 16，population growth rate dropped after GDP per capita growth rate 
bypassed it and the GDP per capita growth rate was around 2% at that time. This helped 
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decide the timing for imposing a population control (at the generation).丄々 More 
importantly, the population growth reached its maximum level and stayed there just 
before the implementation of the policy. This suggested that once the One Child Policy is 
implemented, every family only gave birth to one child (the upper limit), thus supporting 
the assumption that the constraint is binding, i.e. =1. In addition, the income per 
worker stayed above the threshold level, which is in line with the theoretical analysis. 
With an exogenous population control policy, the simulation results are as follows: 
INSERT FIGURE 17 
Figure 17 shows the simulation results when population control is imposed since the 
generation. The time paths matched Figure 16 fairly well. Compared with Figure 14, 
population control promoted a strong growth of GDP per capita in the short run. This 
finding is consistent with our theoretical prediction and that of Li and Zhang (2007). 
Although, there is an increase in the education level right after population control, the 
steady state of education level is lower than the natural evolution. The steady state of 
technology growth is also smaller than the natural evolution. These simulation results 
match our theoretical predictions well. 
More importantly, the major drawback of population control, i.e., the long-run 
economic development becomes stagnant, can be shown in Figure 17. This is consistent 
with the theoretical prediction. It is reflected in the substantially low steady-state growth 
14 As different population control policies were put forward in the early 1970s before the One Child Policy, 
it may be better to introduce the population control at earlier generation. In fact, imposing the population 
control at the 40'^ generation will not change the following results except that the steady state level of 
variables will be slightly lower. One may set a shorter timeframe for each generation in order to improve the 
timing of introducing population control but it will result in a larger fluctuation of the data. Here, we impose 
a strict population control in the simulation following the official announcement of the One Child Policy. 
Each generation is set to be twenty years in order to better reveal the long run development pattern. 
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of GDP per capita, which is around 2.7% compared with 9.2% in Figure 16. 
This shows that population control can suppress population growth and increase 
education level, which altogether increases resources shared by every individual in the 
short run. However, it will also restrain the population from growing in the long run, 
thereby prohibiting economic development. As a result, the economy loses the fuel for 
growing further. Figure 18 shows that if the population control had been implemented five 
generations earlier (or 100 years ago), long-run economic development would have been 
worsen. 
INSERT FIGURE 18 
From the above analyses, it can be concluded that although population control can 
induce rapid economic development in the short run, it essentially hampers the natural 
evolution and freezes the long-run economic growth. 
In addition, although the time path pattern matches quite well after considering the 
effects of different population controls on the economic growth, the income per capita 
growth rate is still far below China's rapid economic development experience. One 
possibility is that the steady state of output per capita and education level are 
under-assumed in the calibration. 
Figure 19 shows the results of assuming that the steady-state economic growth rate is 
as high as 20% and the education spending is 5% of GDP while employing the same 
selection criteria of the timing of population control as in Figure 17. 
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INSERT FIGURE 10 
Figure 19 shows that the economic growth reached a steady state at around 4.4%, 
which is still less than half of China's experience, which is around 9.2%. This shows that 
China's rapid economic growth cannot be fully attributed to the implementation of the 
One Child Policy. Upon further investigation, China's miraculous development can be 
attributed to its ability to catch up with technology after the reform and opening-up policy 
in 1980. This important exogenous force fueled the country's rapid economic 
development. 
According to Chow (2004), using the estimated Cobb-Douglas production to account 
for the average rate of growth of 9.6% annually from 1978 to 1998, 2.8% is attributed to 
the growth in total factor productivity, 0.6 times 0.1 or 6.0% to the growth of capital and 
0.4 (average labor share) times 0.02 or 0.8% to the growth of labor. The estimate implies 
a 7% (2.8%/0.4) average annual growth of technological progress in these two decades. A 
similar estimate has been presented by Wang and Yao (2003) who suggest that the 
average annual output growth rate from 1978 to 1999 to be 9.46%, where 2.4% is 
attributed to the growth in total factor productivity, 4.51% to the growth of physical 
capital, 1.04% to the growth of human capital, and 1.5% to the growth of labor. In 
addition, the growth in total factor productivity was -1.39% from 1953 to 1977, and there 
was a sharp increase in technology growth after 1978. These demonstrate the importance 
of total factor productivity growth in driving the rapid growth of China's economy and 
motivate us to consider adding exogenous technological shocks to match China's 
experience. 
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5.2 Simulation Results with Exogenous Population Control and Technological 
Shocks 
Generally, it is difficult to estimate the quantitative amount of exogenous 
technological shocks. Instead, this present study replicated the GDP per capita growth rate 
in real data (1980-1999 and 2000-2008) and implemented the required technological 
shocks on the simulation. Along with the population control in the 41'^  generation, a 
two-stage exogenous technological shock was implemented in the and generation. 
The first technological shock sped up the annual technological growth rate by 8.8% 
(without the technological shock, the annual technological growth rate would be around 
5.0%, and the first technological shock brought it up to around 13.8%). This is 
comparable to the estimation made by Chow (2004). To further speed up the economic 
growth and attain a 9.2% annual economic growth rate from 2000 to 2008, the second 
shock brought the technological growth rate up to around 17%, which corresponded to an 
annual 12.2% technological growth shock. These shocks capture the effects of other 
aspects of economic reforms after the population control policy and Figure 20 presents the 
results. 
INSERT FIGURE 20 
Comparing Figure 20 with Figure 16，we can see that the simulation results match 
China's experience very well. This suggests that considering both exogenous population 
control and technological shocks, the Galor-Weil Model is applicable to China. In fact, the 
exogenous technological shocks bring up the GDP per capita growth to the real data level 
and successfully replicate the time paths pattern. However, if there are no further 
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exogenous technological shocks to fuel the economy, the strong economic growth cannot 
be sustained and will drop to a low steady-state level which is around 2.7% as shown in 
Figure 17. 
5.3 Further Implications 
With the successfully replication of China's experience, different variations of the 
simulation exercise can be made to draw implications on policy formulation. Figure 21 
shows the simulation with no population control. It shows the effects of exogenous 
technological shocks alone. 
INSERT FIGURE 21 
Without population control, the economy could go through a similar natural evolution 
as shown in Figure 15 and attain steady states as calibrated except that there was a spurt 
of per capita income growth in the and 42"�generations due to the exogenous 
technological shocks. Compared with Figure 15, the technological shocks only increased 
the technology level but had no effect on the technological progress. Thus, the shocks 
cannot speed up the economic evolution nor can they raise the growth level after the 42°d 
generation. 
Figure 22 shows the simulation results if the population control policy is removed 
after one generation. 
INSERT FIGURE 22 
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The time paths are similar to Figure 15, in which no exogenous population control has 
been imposed. However, there is a sharp increase in economic growth induced by the 
exogenous technological shocks. This is similar to that shown in Figure 21 except that the 
economic growth rate is slightly larger in the generation but slightly smaller in the 
42°d generation due to the effect of population control. More importantly, it shows that the 
population control policy is reversible; thus, once it is removed, the natural evolution can 
continue. 
Figure 23 shows the simulation results if the population control policy is removed 
after nine generations. The results are very similar to those shown in Figure 22 except that 
the natural demographic transition is delayed for eight generations. A decline in economic 
growth can be clearly observed once the population control is removed in the 
generation. 
INSERT FIGURE 23 
These results show that in order to continue the natural evolution and sustain 
economic development, the One Child Policy should cease to be implemented as soon as 
possible. 
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Chapter 6: Concluding Remarks 
This paper expands the Galor-Weil Model and employs it as the analytical framework 
to examine the effects of an exogenous population control policy on economic 
development. The theoretical analysis showed that with the population control 
intervention, parents allocated part of the income to the education of their children despite 
the slow technological progress. This brought education to a high level and resulted in 
rapid technological and economic growth. In the short run, population control improves 
the income per worker. However, it suppresses population growth and hampers the 
economy from undergoing natural evolution. In the long run, this results in the lower 
steady states of educational level, technological and economic growth. These results 
reveal the trade-off between the short-run benefit and the long-run drawback of 
implementing the population control policy. 
From the simulation perspective, this paper employs the parametric forms proposed 
by Lagerlof, and the model is calibrated using China's data. Given that the Galor-Weil 
Model is an endogenous growth model and there has been a strong intervention from the 
China government on population (i.e., the One Child Policy implemented since 1979)，the 
simulation results failed to match the economic development of China. With the 
consideration of the exogenous population control policy, the simulation time paths match 
China's experience fairly well. In fact, China's One Child Policy has provided a natural 
experiment for the verification of our theoretical analysis. The simulation results are 
consistent with the theoretical predictions and provide a solid support of the analysis. 
However, the simulated economic growth rate is still far below China's rapid economic 
development experience. This suggests that China's miraculous development can hardly 
38 
be attributed to the One Child Policy. 
Various studies on growth accounting show that labor and human capital account for 
only a small fraction of China's growth in recent decades. In addition, the ability to catch 
up with technological advancements since the reform and opening-up in 1980 is an 
important exogenous force that fueled China's rapid development. This is incorporated 
into our simulation by further considering the exogenous technological shocks. The 
simulation results match China's experience very well, indicating that with the 
consideration of both exogenous population control and technological shocks, the 
Galor-Weil Model is applicable to China. More importantly, the results suggest that if 
there are no further exogenous technological shocks, China cannot sustain such a rapid 
economic development and its growth rate will drop to around 2.7%. In order to continue 
the natural evolution and sustain long-run economic development, the One Child Policy 
should be relaxed or even abolished as soon as possible. 
Apart from the results, there are several notes and limitations in the present study. 
Firstly, this paper simplifies the discussion of the theoretical analysis by assuming that 
parents will give birth to one child, making the population control constraint binding, and 
that the income level is high enough, making the subsistence consumption constraint not 
binding. A complete analysis without these assumptions is possible; however, this may 
blur and complicate the implication of an exogenous population control policy. 
Secondly, there are various ways to introduce an exogenous population control policy. 
For instance, a penalty can be set to increase the cost of giving birth to extra children. 
However, the effect of the population control will be sensitive to the penalty level, and the 
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dynamics will be complicated by the increase in the degree of the optimization problem. 
To simplify the analysis, a ceiling to the number of children was introduced in this paper. 
Thirdly, the One Child Policy may change the utility representation. As parents are 
limited to give birth to one child only, they may put a larger weight on the 
intergenerational altruism utility. This drives the parents to invest much more on the 
education of their only children and results in a higher steady state of education level than 
the one under natural evolution. If this effect is larger than the scale effect of population 
on technological progress under natural evolution, this will result in a higher steady state 
of both technology and economic growth. This shall draw a completely different 
implication of the One Child Policy as it does not only speed up the economic transition 
and promote economic growth in the short run, but also bring the economy to a higher 
steady state in the long run. Simulation exercise was conducted to testify this possibility 
by allowing the steady state of education investment to reach as high as 30% of parental 
income (compared to 2.5% in the original calibration). However, the steady state of 
economic growth is just around 4.6% which is about half of the natural evolution level. 
This suggests that this theoretical possibly may not be plausible and the scale effect of 
population dominates. 
Finally, concerning the simulation exercise, there are numerous possible parametric 
forms, and this paper follows Lagerlof's proposal. In fact, both the level of different 
parameters and their evolution pace are sensitive to the specific parametric forms and the 
calibration. Nevertheless, these would not affect the consistency of the simulation results 
with the theoretical predictions and its policy implication. The clearly explained rationale 
in using these parametric forms and the sensitivity tests of different parameters provide a 
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set of self contained and creditable simulation results. 
Upon the above concerns, this paper clearly explains the effects of population control 
on economic development from both theoretical and simulation perspectives. This shall 
provide a comprehensive analysis and shed light to further research in this area. 
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Appendix A: Figures and Tables 
Figure 1. Growth rates in Western Europe as calculated from Maddison (2003) 
(Lagerlof, 2006; Figure 1) 
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Figure 2. The evolution of technology and education for a Small Population (Galor 
and Weil 2000，Figure 
I 乂 
f ^ ^ ^ 
Education，e^ 
15 The figure describes the evolution of education e, and the rate of technological change g, for a constant 
small population jJ. The curve labeled gt+i = g(et, L') shows the effect of education on the growth rate of 
technology as presented in Equation (3). Meanwhile, the curve labeled 6,+； = e(g,+j) shows the cffect of 
cxpccted technological change on optimal education choices as presented in Equation (10). The point of 
intersection between the two curves is the globally stable steady-state equilibrium (0, g'). In early stages of 
development, the cconomy is in the vicinity of this steady state, in which education is zero and the rate of 
technological progress is slow. 
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Figure 3. The evolution of technology and education for a Moderate Population 
(Galor and Weil 2000，Figure 
众 / 
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Education， 
16 The figure describes the evolution of education e, and the rate of technological change g,, once the size of 
the population has grown to reach a moderate size, L'". The system is characterized by multiple steady-state 
equilibria. The steady-state equilibria (0’ g') and (e'\ g') arc locally stable, whereas (e". g") is unstable. 
Given the initial conditions, in the absence of large shocks the economy remains in the vicinity of the low 
steady-state equilibrium (0, g'), in which education is still zero but the rate of technological progress is 
moderate. 
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Figure 4. The evolution of technology and education for a Large Population (Galor 
and Weil 2000，Figure 
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17 The figure dcscribcs the evolution of education e, and the rate of technological changc g^ once the size of 
the population grows to a high level, l!\ The system is characterized by a unique globally stable steady-state 
equilibrium (e", g ) . In mature stages of development, the cconomy converges monotonically to this steady 
state with high levels of education and technological progress. 
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Figure 5: The conditional dynamic system for a Small Population (Galor and Weil 
2000, Figure 
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This figure dcscribcs the evolution of education e, and effective resource per worker for a constant 
small population L'. The point of intersection between the two curvcs is the unique globally stable 
steady-state equilibrium. In early stages of development, the system is in the vicinity of this conditional 
Malthusian steady-state equilibrium. 
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This figure describes the evolution of education e, and effective resource per worker once the size of 
the population has grown to rcach a moderate size L'". The system is characterized by multiple steady-state 
equilibria. Given the initial conditions, and in the abscncc of large shocks, the cconomy remains in the 
vicinity of the conditional Malthusian steady-state equilibrium. 
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Figure 7. The conditional dynamic system for a Large Population (Galor and Weil 
2000，Figure 
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20 This figure describes the evolution of education, e,，and effective resource per worker, .v,，once the size 
of the population has reached a high level, L''. The dynamical system changes qualitatively and the 
conditional Malthusian steady state vanishes. The cconomy evolves through a Post-Malthusian Regime until 






























































































































































































































































































































































































































Figure 9. The paths showing the level of education time (e^x 100) and growth rates of all 
other variables (Lagerlof 2006，Figure 5) 
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Figure 10. The evolution of technology and education from a moderate population to a 
large population (Summary of Figures 3 and 4) 
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Figure 11. The evolution of technology and education at a moderate population after 
imposing population control for Y>T + > T 
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Figure 12. The evolution of technology and education at a moderate population after 
implementing population control policy for r + e ⑷ >T> / 
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Figure 13. The evolution of technology and education at a moderate population after 
implementing population control policy for r + >T =y 
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Table 1 Parameter Values 
Values given by Interpretation Amended Value 
Lagerlof 
Parameters 
a Labor share 0.6 0.6 
T Fixed time cost of children 0.15 0.15 
P Educational part oU 0J79 0,875 
a * Scale effect parameter 11.42 i 1.02 
7 Weight on fertility in utility function 0.225 0.225 
6 Scale effect parameter 1 1 
X Land 1 1 
c Subsistence consumption 1 1 
M Adult mortality 1 1 
Endogenous variables 
e * Education, modem growth 0.075 0.075 
g* Technological growth, modem growth 2.362 2,273 
n * Fertility, modem growth 1 1 
L Threshold population 7.278 7.278 
Initial conditions 
fh Initial fertility 1 1 
Lq Initial population 0.364 0.364 
Aq Initial technology 0.870 0.8695 
Initial education 0 0 
go Initial technological growth 0.048 0.0478 
Initial per-worker income 1.176 1.176 
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Table 2 China's Parameter Values 
Value given by Interpretation China Value 
Lagerlof 
Parameters 
a Labor share 0.6 0.443 
T Fixed time cost of children 0.15 0.15 
P Educational part o f r 0.875 0.991 
a * Scale effect parameter 11.02 129.554 
7 Weight on fertility in utility function 0.225 0.175 
6 Scale effect parameter 1 1 
X Land 1 1 
c Subsistence consumption 1 1 
m Adult mortality 1 1 
Endogenous variables 
z Growth rate of per-worker income 0.024 0.092 
e * Education, modem growth 0.075 0.0252 
g * Technological growth, modem growth 2.213 22.533 
n * Fertility, modem growth 1 1 
L Threshold population 7.278 110.732 
Initial conditions 
Initial fertility 1 1 
A) Initial population 0.364 0.277 
A, Initial technology 0.8695 0.450 
Sq Initial education 0 0 
go Initial technological growth 0.0478 0.0411 
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